Abstract-Biochemical characterization of the serum and aorta in inbred C57BL/ 6Cr mice fed a high-cholesterol diet was investigated by determining the total cholesterol (TC) and free cholesterol (FC) levels in serum, high density lipoprotein (HDL) and aorta.
Abstract-Biochemical characterization of the serum and aorta in inbred C57BL/ 6Cr mice fed a high-cholesterol diet was investigated by determining the total cholesterol (TC) and free cholesterol (FC) levels in serum, high density lipoprotein (HDL) and aorta.
Serum lecithin:cholesterol acyltransferase (LCAT) activity was also determined.
A modified fluoroenzymatic method for microdetermination of cholesterol was successfully used. TC and FC levels of the aorta in the mice were significantly increased by the high-cholesterol diet. Serum TC and FC levels of mice fed the high-cholesterol diet were increased about 80% and 110%, respectively, compared with the control.
On the other hand, both HDL-TC and HDL-FC levels were decreased about 50%. The HDL-TC/serum-TC ratio was markedly decreased, while the atherogenic index was markedly increased with the high-cholesterol diet. LCAT activity was also strikingly decreased.
A positive correlation was observed between LCAT activity and HDL-cholesterol. These changes in the serum may facilitate cholesterol accumulaticn in the aorta. The results indicate that a biochemical approach using mice may be possible for drug evaluation.
Atherosclerosis
has been induced in many animal species. However, there is no single convenient experimental model for primary screening of anti-atherosclerotic compounds. Variation in the incidence of atherosclerotic lesions makes drug evaluation difficult in practice. The genotype of the animal is known to be important in the control of serum choles terol levels and the development of lipid deposits in the arterial wall (1-4). Wang et al. (5) have used C57 strain mice and induced atherosclerotic lesions by feeding them an atherogenic diet. Thompson (6) has found histologically that the male C57BL/6J inbred mouse is a more suitable animal to use for producing consistent atherosclerotic lesions in the wall of the aortic sinus.
This paper reports the biochemical exami nation of the aorta and serum in inbred C57BL/6Cr strain mice fed a high-cholesterol diet; a modified fluoroenzymatic method for microdetermination of tissue cholesterol was used. The relationship between high density lipoprotein (HDL)-cholesterol and lecithin: cholesterol acyltransferase (LCAT, EC 2.3.1.43) activity was also studied.
Materials and Methods
Animals: Six-week-old male C57BL/6Cr mice (Shizuoka Agricultural Cooperative Association for Laboratory Animals) were housed in wire net cages in an air-conditioned room (24+2°C, 60±10% humidity) and maintained on a purified basal diet or a high cholesterol diet. The composition of the basal diet was 20% casein, 63.2% sucrose, 10% corn oil, 2% agar, 0.8% vitamin mixture (7) and 4% salt mixture (7) . The high cholesterol diet consisted of the basal diet supplemented with 5% cholesterol and 0.5% cholic acid. These supplements were added to the basal diet in place of an equal amout of sucrose. The basal and high-cholesterol diets were fed ad libitum for a period of 8 weeks. At the end of the feeding, the mice, after fasting for 12 hr, were sacrificed under ether anesthesia by bleeding from the ophthalmic vessels, and then the aorta from the arch to the iliac bifurcation was excised and carefully freed of periaortal tissue. The aorta was freeze-dried to a constant weight and subsequently extracted at 50°C for 20 min with chloroform-methanol (2:1, v/v). The blood was centrifuged to obtain the serum. A sample of the serum (200 ul) was used for fractionation of HDL by the heparin-Mn2+ precipitation procedure (8) .
Fluoroenzymatic microcletermi nation of cholesterol:
Aorta cholesterol levels were determined by a modified method (9) originally developed by Carlson and Goldfarb (10) and Takano et al. (11) . Aliquots (1 /4 1 /6) of the total aorta extract and standards, containing 0.5-5.0 /tg cholesterol, were dissolved in acetone (100 ul) containing 2.5 mg of Triton X-100, and evaporated by a centrifugal evaporator (Yamato Scientific Co., Model RD-21). The residues of lipid and Triton X-100 were suspended in 200 PI of the enzymatic cholesterol reagent (Table 1) , the contents vortexed and incubated at 37'C for 30 min. The blank consisted of 2.5 mg Triton X-100 and the enzymatic cholesterol reagent.
Following incubation, 2.8 ml of 0.05 N NaOH was added to the reaction mixture, and the fluorescence of each solution was measured. Fluorescence spectra were obtained on a spectro-fluorophotometer (JASCO Model FP-550). The excitation wavelength was 323 nm, and the emission wavelength was 420 nm. For the deter mination of the free cholesterol (FC) concen tration, only cholesteryl ester hydrolase was removed from the enzymatic cholesterol reagent formulation.
Serum and HDL-cholesterol levels were determined as described above, except that the acetone solution of Triton X-1 00 was not added to each sample. Serum samples were diluted 1:20 with 0.1 M Na-Na phosphate buffer (pH 7.0). In order to prevent the inhibitory action of Mn2+ ion on the enzymatic reaction, HDL samples (10 ul) were added to 10 ul of 0.15 M disodium ethylenediamine tetraacetate (EDTA) solution. The enzymatic cholesterol reagent (200 /fl) was then added directly to the diluted serum sample (20 ul) and the EDTA-treated HDL sample (20 ul). Standard solutions, containing 0.5-5.0 ug cholesterol, were made up in the phosphate buffer.
LCAT assay: The rate of FC esterification in the serum was assessed by measuring LCAT activity with a slight modification of the method of Dieplinger and Kostner (12) . Freshly collected duplicate serum samples (20 ,ll) were pipetted into two test tubes, which were then closed with glass stoppers. The serum in one test tube was incubated at 37°C for 90 min and then the reaction was terminated by the addition of 10 ul of 0.3 M cholic acid solution. The cholic acid solution was added to the serum in the other test tube immediately before incubation. FC contents in the two test tubes were determined before and after 90 min incubation at 37°C as described above for the serum cholesterol assay. LCAT activity was shown by the difference in FC content between the two test tubes. and to obtain higher hypercholesterolemia . In preliminary studies, the mice refused to eat the high-cholesterol diet when the content of cholic acid in the diet was increased to 1-2% .
Serum cholesterol level: The results given in Table 2 show that the serum TC level increased about 80% in mice fed the high cholesterol diet in comparison with the basal diet control. FC level was also increased about 110%. As a consequence, the ester ratio (the ratio of esterified cholesterol (EC) to TC) was slightly, but significantly decreased in the high-cholesterol diet group . HDL-cholesterol level: The high-cholest erol diet group showed about 50% decrease in both HDL-TC and HDL-FC levels in comparison with the control (Table 2 ) . Consequently, there was no major difference in the ester ratio of HDL-cholesterol . The ratio of HDL-TC to serum TC (HDL-TC/ serum-TC) was remarkably decreased , while the atherogenic index ((serum-TC-HDL TC)/HDL-TC) was remarkably increased in the high-cholesterol diet mice. LCAT activity:
LCAT activities were markedly decreased in mice fed the high cholesterol diet compared to the control animals. The fractional LCAT activity (% esterified/hr) and molar LCAT activity (/,,mole esterified/l/hr) decreased 61% and 44% , respectively (Fig. 2) . The fractional LCAT activity was positively correlated to the HDL FC level (r=0.916, P<0.01), but negatively correlated to the serum FC level (r=-0.950, P<0.01). The correlation between the fractional LCAT activity and HDL-FC level is shown in Fig. 3 . The molar LCAT activity was also positively correlated to the HDL-FC level (r=0.843, P<0.01).
Aorta cholesterol level: As shown in Table  3 , the TC level of the aorta of mice was significantly increased by the high-choles terol diet. The FC level was also significantly increased, while there was no difference in the EC level. 
Discussion
Atherosclerosis has been studied in mice (4-6, 13), but little information is available on drug evaluation of anti-atherosclerotic compounds.
Male inbred C57BL/6J mice are very good animals with which to study the production of dietary atheromata because they all develop atheromata relatively quickly and at approx. the same time (6) . Thus, we used the same strain C57BL/6Cr mice to try to biochemically characterize the development of lipid deposits in the aorta of mice fed a high-cholesterol diet. We were successful using the fluoroenzymatic method (9) for the microdetermination of tissue cholesterol.
This technique enables easy, sensitive and specific measurements of cho lesterol in limited amounts of tissue such as in the mouse aorta (9) . This is the first report of TC and FC concentration determi nations with mouse aorta. In the present study, hypercholesterolemia and consistent but relatively gradual cho lesterol accumulation in the aorta were observed in mice fed the high-cholesterol diet (Tables 2 and 3 ). C57BL/6J inbred mice show atheromatous lesions in the limited region of the aorta (valve sinus) (6) . There fore, cholesterol concentration in the total aorta might not increase much. Elevated concentration of serum cholesterol seems to facilitate lipid deposition in the arterial wall of the inbred mouse (4, 5) . To produce more severe hypercholesterolemia than in this study, additional treatment such as pro longation of the feeding period, supplemen tation of an antithyroid drug, or alteration of the diet composition should be further examined.
The mechanism of dietary cholesterol accumulation in the aorta is not sufficiently understood.
Recent studies of lipoproteins have shown that most of the cholesterol in the arterial wall is derived from the low density lipoprotein (LDL), while removal of cholesterol from the arterial wall occurs by transfer of FC to the HDL (14) (15) (16) .
Most of the FC entering the HDL is esterified by the serum LCAT. LCAT functions in connection with the HDL and seems to participate in the transfer of cholesterol between tissues and lipoproteins (16, 17) . An elevated serum level of LDL and very low density lipoprotein (VLDL) and/or low concentration of HDL have been considered to increase the ac cumulation of the cholesterol in the arterial wall (18, 19) . In the present study, LDL-TC plus VLDL-TC levels (considered as the difference between serum TC and HDL-TC) were increased, while the HDL-TC level was decreased in the mice fed the high-cholesterol diet. Consequently, the atherogenic index was markedly increased, and the HDL-TC/serum TC ratio was markedly decreased (Table 2) . These changes in the lipoprotein metabolism of mice appear to facilitate the cholesterol accumulation in the aorta. The LCAT activity was remarkably reduced by the cholesterol feeding (Fig. 2) . The LCAT activity was also positively correlated with HDL-cholesterol level (Fig. 3) 
